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Abstract 
 
Examining was the aim of the work: influence of the permanent temperature 1300°C ± 15°C and changing time of isothermal holding in 
the range 0÷50 minutes on the melting loss of aluminum in the bronze CuAl10Ni5Fe4; the quantity the slag rafining - covering Unitop 
BA-1 (0÷1,5%) on the effectiveness of the protection of liquid bronze before the oxygenation, the quantity of the preliminary alloy - in-
oculant AlBe5 (0÷1,0%) on the effective compensation melting loss of aluminum and time of isothermal holding on the effect of the in-
oculation of the bronze and the comparison of the effectiveness of the inoculation of the bronze in furnace and in the form. Introduced 
investigations resulted from the study of the new grades of the Cu-Al-Fe-Ni bronze with additions singly or simultaneously Si, Cr, Mo 
and/or W, to melting which necessary it is for high temperature and comparatively long time isothermal holding indispensable to the occur 
of the process of diffusive dissolving the high-melting of the bronze components.   
High temperature and lengthening the time of isothermal holding the liquid bronze in casting furnace the melting loss of Al influences the 
growth. Addition the slag of covering-refining Unitop BA-1 in the quantity 1,5% the bronze protects before the melting loss of aluminum 
by the time of isothermal holding in the temperature 1300°C about 15 minutes. Addition of the preliminary alloy AlBe5 in the quantity 
0,6% it assures the effective compensation of the aluminum which melting loss undergoes for the studied parameters of the melting. The 
effect of the inoculation of the bronze together with diminishes the preliminary alloy AlBe5 with lengthening the time of isothermal hold-
ing. Because of this, use of the method of introducing the preliminary alloy it is seems good solution on the inoculation of aluminum 
bronzes directly to form, unsensitive on the time of isothermal holding the bronze. 
 
Keywords: Innovative Materials and Casting Technologies, CuAl10Ni5Fe4 Bronze, Technology of The Melting, Covering-Refining Slag 
Unitop BA-1, Preliminary Alloy-Inoculant Albe5, Inoculation in The Mold 
 
 
1.  Introduction 
 
Al2O3 in the result of the process of the oxygenation is con-
nected in the oxide because of the large relation of aluminum to 
oxygen during melting of aluminium bronzes on the surface of 
sheet and inside liquid metal of Al. Oxide this devolves to the slag 
which is removed before pouring the bronze to the ladle then. The 
increment of temperature and time of isothermal holding heigh-
tens  the  process  of  the  oxygenation.  Process  this  leads  to  the A R C H I V E S   o f   F O U N D R Y   E N G I N E E R I N G   V o l u m e   1 0 ,   I s s u e   2 / 2 0 1 0 ,   127- 1 3 4  128 
decline of the concentration of Al in the bronze, and in conse-
quence to the change of microstructure and the mechanical prop-
erties of the bronze. It do not court above to 1180°C overheat 
aluminium bronzes [1]. In aim to reduce the oxidation of molten 
metal during its heating and isolation of the liquid metal from the 
ambient atmosphere are used to covering - refining slags: Kupral 
1 [2, 3], Unitop BA-1 [4] and others. 
Reduction of aluminum bronzes is carried out using elements 
such as: Mg, Na, Li with a greater affinity for oxygen than the 
metals included in the oxides [2, 3]. One can also apply the addi-
tion of pure Al though the effects of deoxidizing are weaker than 
by applies listed above deoxidants, however introducing Al re-
moves  oxygen  from  the  solution  and  its  decrease  coming  into 
being  in  the  result  of  the  creating  oxide  Al2O3  complements. 
In  literature,  no  further  information  on  the  impact  of  Be  as  
a inoculant of copper alloys, especially aluminum bronzes [5, 6]. 
The aim of this study was to investigate:  
  the influence of temperature and time of isothermal holding 
on  the  quantity  of  oxidised  aluminum  in  the  bronze 
CuAl10Ni5Fe4,  
  the influence of the quantity the slag of refining - covering 
Unitop BA-1 guarantees the minimization the melting loss 
of aluminum in the studied bronze,  
  the influence the quantity the preliminary alloy AlBe5 as the 
inoculant and the source of Al compensates its melting loss 
in the aluminium bronze, 
  the way of the addition of the preliminary alloy - inoculant 
AlBe5 to the bronze directly in furnace or in form on the ef-
fect of its inoculation. 
The use the preliminary alloy AlBe5 including 5% the beryl-
lium it can perform the threefold part by the melting of aluminium 
bronzes.  First  as  the  addition  of  aluminum  to  the  bronze  and 
simultaneously the deoxidant and beryllium as the inoculant of its 
microstructure. 
Introduced  investigations  result  from  the  study  of  the  new 
grades of the Cu-Al-Fe-Ni bronze with additions singly or syner-
gistically Si, Cr, Mo and/or W [7-10], by melting which necessary 
there is providing for high temperature and comparatively long 
time of isothermal holding indispensable to the realization of the 
process  of  diffusive  dissolving  the  high-melting  of  the  bronze 
components (TLSi = 1423°C TLCr = 1857°C, TLMo = 2617°C, TLW 
= 3420°C [2]). 
 
 
2.  Methodic of research 
 
The investigation of the bronze CuAl10Ni5Fe4 about the ini-
tial composition: 10,4% Al, 5,3% Ni, 4,4% Fe, 0,8% Zn, 0,5% 
Mn, 0,06% Si, carry out on the charge about the mass 1,5 kg and 
divide on stages: 
Stage 1 –   the  influence  of  temperature  and  time  isothermal 
holding  on  the  degree  the  dealuminization  of  the 
bronze; the bronze was kept in the temperature iso-
thermal 1300°C ± 15°C; 3 melting was made:  
W1   – directly after melting, 
W2   – after 15 minutes of isothermal holding, 
W3   – after 50 minutes of isothermal holding. 
Stage 2 –   the influence of temperature and time of isothermal 
holding and quantity the slag of covering - refining 
UNITOP BA-1 on the effectiveness of the protec-
tion of the melted bronze before the oxygenation of 
the aluminum; the bronze was kept in the tempera-
ture isothermal 1300°C ± 15°C; the slag was intro-
duced in the quantity 0,5%, 1,0% and 1,5% in rela-
tion to the mass of the charge; 9 melting was made, 
for every quantity slag accordingly:  
W4, W7, W10  – directly after melting, 
W5, W8, W11  – after  15  minutes  of  isothermal 
holding, 
W6, W9, W12  – after  50  minutes  of  isothermal 
holding; 
Stage 3 –   the influence of temperature and time of isothermal 
holding and the quantity of the preliminary alloy - 
inoculant AlBe5 on the effect of the inoculation of 
the bronze; the preliminary alloy - inoculant was in-
troduced in quantities suitably 0,2%, 0,6% and 1,0% 
from the mass of the charge; and slag in optimum 
quantity  appointed  in  the  Stage  2  investigations; 
melt subject isothermal holding in the temperature 
1300°C ± 15°C in the time suitably 10 and 20 mi-
nutes; 9 melting was made, for every quantity of the 
preliminary alloy accordingly: 
W13, W14, W15  – directly after melting, 
W16, W17, W18  – after 10 minutes of isothermal  
holding, 
W19, W20, W21  – after 20 minutes of isothermal  
holding, 
Stage 4 –   the comparison of the effectiveness of the inocula-
tion of the bronze in furnace and in the form directly 
after melting; the charge was drowned in the protec-
tion of charcoal; the preliminary alloy  - inoculant 
was  introduced  AlBe5  in  optimum  quantity  ap-
pointed  in  the  Stage  3  investigations,  and  slag  
UNITOP  BA-1  in  optimum  quantity  appointed  in 
the Stage 2 investigations; melt it was cast to the 
sand mold; 3 melting was made: 
W23 – directly after melting without the inoculant, 
W24 – directly after melting, the preliminary alloy -  
   inoculant was added in furnace, 
W25 – directly after melting, the preliminary alloy -  
   inoculant was added in the mold. 
 
The bronze for individual melting was fused in laboratory in-
ductive furnace crucible about the capacity 5 kg and frequency 8 
kHz. Whenever on the charge poured charcoal, whose task was to 
difficulty the access of oxygen to the metal bath. Alloy was hold 
on in the temperature 1300°C ± 15°C. 
Slag UNITOP BA-1 was introduced in the following way: the half 
slag the cold charge was added on, and the rest after melting the 
charge.  
Remove slag after melting the bronze and isothermal holding 
and  introduce  the  preliminary  alloy  -  inoculant  AlBe5  for  the A R C H I V E S   o f   F O U N D R Y   E N G I N E E R I N G   V o l u m e   1 0 ,   I s s u e   2 / 2 0 1 0 ,   127- 1 3 4  129 
stage  of  investigations suitably,  wait  3  minutes  and  cast  probe 
TDA and sand mold. 
Samples to the thermal and derivative analysis were made in 
the  probe  TDA  10  PŁ.  On  the  derivative  curve  characteristic 
points: local minimums, local maxima, dt/dτ = 0 were identified 
in the method TDA of the studied compositions of the bronze. 
Remaining  characteristic  points  were  marked  on  the  curve 
d
2t/dτ
2=f”(τ).  
The  meanings  of  characteristic  points  marked  on  curves  TDA 
show in the Table 1. 
 
Table 1. 
The meaning of characteristic points marked on curves TDA 
Characteristic Points  The meaning 
C 
the maximum thermal effect of the crys-
tallization of primary phase  , it marks 
the temperature of the crystallization of 
phase   - the liquidus tC   
H 
the end of the crystallization of β phase, 
the end of solidification the bronze in the 
volume of the probe 
P 
the maximum thermal effect of the crys-
tallization of  phase, it marks the tem-
perature of crystallization tP 
Q  the end of the crystallization of κ phase 
J 
the beginning of the crystallization of α 
phase , the beginning of the partial trans-
formation of   phase 
K 
the maximum thermal effect of the crys-
tallization of   phase, it marks the tem-
perature of the partial transformation tK 
L  the end of the crystallization of α phase 
M 
the beginning of the eutectoid transfor-
mation  → + 2 
N 
the maximum thermal effect of the eutec-
toid transformation  → + 2 
O 
the end of the eutectoid transformation 
→ + 2 
 
Thermal effects were qualified for the help of characteristic points 
marked on curve K and D from crystallizing phase or their sy s-
tems: 
  C-H   – the crystallization of primary β phase,  
  H-P-Q   – the crystallization of  phase intermetallic, 
  J-K-L   – the crystallization of α phase, 
  M-N-O   – the eutectoid transformation  → + 2. 
 
The casting mold was made for help of pattern equipment intro-
duced on the Figure 1 from the molding sand about the composi-
tion: 10% bentonite clay, 4% water, 2% coal dust, 84% quartz 
sand.  
Test casts from the probe TDA and they are from the mold 
equal what to shape and dimensions. 
Casts from probes TDA and sand mold were used to the car-
rying out of metallurgical microscopy. It was cut out in this aim 
from the sample in the area of the its thermal centre smaller sam-
ples, on which executes the microsection metallographic. Micro-
sections etch 10% the solution of the persulphate of the ammo-
nium to disclose microstructure in the cast state. 
 
 
 
 
 
Fig. 1. The pattern equipment: 1 – pattern (p.) of the pouring 
basin, 2 – p. of the pouring gate, 3 – p. the of propagation cone,  
4 – p. of the running gate I, 5 – p. of the chamber of the prelimi-
nary alloy - inoculant, 6 – p. of the running gate II,  
7 – p. of the ceramic strainer core, 8 – p. of the running gate III,  
9 – p. of the test cast, 10 – p. of the running gate IV,  
11 – p. of the flow-off 
 
 
3.  The results of investigations 
 
The chemical composition melting after execution of expe-
riences in 4 stages show in Table 2.   
The melting loss of aluminum „-ΔAl” in studied bronze on the 
result its of the oxidation, after the time of isothermal holding τih 
suitably:  0  min.,  15  min.,  50  min.  in  the  temperature  1300°C 
±  15°C  by  introduced  slag  Unitop  BA-1  in  the  quantity:  0%, 
0,5%, 1,0% and 1,5% in relation to the mass of the charge, show 
on Figure 2. 
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Table 2. 
The chemical composition of studied bronze on the individual stages of investigations, time of isothermal holding τ ih, the proportional 
quantity of the addition the slag of covering - refining Unitop BA-1 and preliminary alloy - inoculant AlBe5 
Stage  No. of 
melting 
Chemical composition, %  τih, 
min 
Unitop 
BA-1,  
% 
AlBe5, 
%  Al  Fe  Ni  Cu  Other  
(P, Sn, Zn, …) 
1 
W1  10,36  4,35  5,21  79,1  0,92    0 
-  -  W2  10,14  4,28  5,25  79,2  1,06  15 
W3    9,15  4,29  5,25  79,8  1,43  50 
2 
W4  10,23  4,27  5,21  79,3  0,92  0 
0,5  -  W5  10,03  4,34  5,19  79,5  0,86  15 
W6    9,24  4,30  5,23  79,3  1,85  50 
W7  10,36  4,31  5,26  79,1  0,90  0 
1,0  -  W8  10,26  4,35  5,27  79,2  0,85  15 
W9    9,64  4,28  5,27  79,5  1,23  50 
W10  10,37  4,28  5,23  79,2  0,85  0 
1,5  -  W11  10,31  4,32  5,21  79,2  0,88  15 
W12    9,85  4,31  5,31  79,6  0,85  50 
3 
W13  10,55  4,31  5,11  78,7  1,25 
0  1,5 
0,2 
W14  10,91  4,29  5,09  77,8  1,83  0,6 
W15  11,26  4,28  5,05  77,5  1,83  1,0 
W16  10,51  4,30  5,16  78,8  1,15 
10  1,5 
0,2 
W17  10,88  4,21  5,13  78,2  1,50  0,6 
W18  11,28  4,14  5,12  77,5  1,88  1,0 
W19  10,48  4,26  5,22  78,8  1,16 
20  1,5 
0,2 
W20  10,89  4,23  5,21  78,4  1,19  0,6 
W21  11,26  4,18  5,19  78,0  1,29  1,0 
4 
W22  10,18  4,28  5,33  79,2  0,93 
0  1,5 
- 
W23  10,78  4,16  5,23  77,9  1,85  0,6  W24  10,69  4,21  5,18  78,2  1,64 
 
 
 
Fig. 2. The influence of the time of isothermal holding τih and  
quantity added the slag of covering - refining Unitop BA-1 
on the melting loss of aluminum -ΔAl in the bronze 
CuAl10Ni5Fe4 
 
 
Fig. 3. The influence of the time of isothermal holding τih and  
quantity of the added preliminary alloy - inoculant AlBe5 
on the increase of aluminum +ΔAl in the bronze CuAl10Ni5Fe4
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Fig. 4. The composition of curves TDA of the studied bronze for melting W15 (τih = 0 min.) , W18 (τih = 10 min.) and W21(τ hw = 20 min.)  
(1,5% Unitop BA-1; 1,0% AlBe5) 
 
 
Prolonged the time isothermal holding the bronze CuAl10Ni5Fe4 
only under the protection of charcoal it influenced first of all the 
growth of the quantity of peroxided aluminum.  Applies by the 
melting of the studied bronze of the addition the slag of covering - 
refining the melting loss of aluminum limits. Introduces the slag 
of  covering  -  refining  Unitop  BA-1  (0÷1,5%)  decrease  of  the 
concentration of Al in the bronze changed in the range suitably: 
depending on 0,22 ÷ 0,06% the Al after the time τih = 15 min. to 
1,21÷0,52% the Al after the time τih = 50 min.     
It was accepted by more far melting as the sufficient quantity the 
slag of covering - refining Unitop BA-1 1,5% in relation to the 
mass of the charge.  
The  increase  of  the  concentration  of  aluminum  „+ΔAl”  in  the 
studied bronze after introducing the preliminary alloy - inoculant 
AlBe5 in the quantity: 0%, 0,2%, 0,6% and 1,0% after the various 
time of isothermal holding τih show on Figure 3. 
The  increase of the concentration of Al in the bronze changed 
in  the  range  in  dependence  from  isothermal  holding  τih  (0÷20 
min.)  suitably:  from  0,19÷0,12%  Al  after  the  addition  0,2% 
AlBe5, to 0,55 ÷ 0,52% Al after the addition 0,6% AlBe5 and to 
0,92 ÷ 0,90% Al after the addition 1,0% AlBe5. 
It results from realized investigations, that the introduce of the 
preliminary  alloy  -  inoculant  AlBe5  in  the  quantity  0,6%  the 
supplement of the bronze secure about the permanent quantity of 
the Al of the rank 0,535% in relation to the mass of the metal 
charge  even by its isothermal holding after inoculation by the 
time 20 min. 
The introduce to the studied bronze CuAl10Ni5Fe4 of the prelim-
inary alloy - inoculant AlBe5 in the quantity 0,2-1,0% in relation 
to the mass of the charge, the complex influence calls out on the 
process of primary crystallization as and phase transformation in 
the solid state. The compositions of curves TDA of the studied 
bronze show for the melting W15, W18 and W21 to which 1,0% 
AlBe5 was added on the Figure 4, suitably after the time of iso-
thermal holding τih = {0,10,20} min. Because of this, that in the 
preliminary alloy - inoculant there are 5% the beryllium, and the 
aluminum makes up the rest this causes that the chemical compo-
sition  of  studied  bronzes  moves  in  the  direction  of  the  higher 
concentrations of aluminum. 
Together  with  the  growth  of  the  quantity  of  the  inoculant  the 
thermal effect of the partial transformation   it moves in the 
direction of longer times and lower temperature, and grows up the 
thermal effect M-N-O of eutectoid transformations. The growth of 
the proportional part the beryllium in the studied bronze it influ-
ences first of all the thermal effect of the crystallization of prima-
ry phase  , especially on the stage of the crystallization of the last 
portions of liquid bronze as this phase - its intensity grows up. 
Independently  from  the  quantity  of  the  introduced  inoculant, 
prolong the time isothermal holding it influences the displacement 
of the effects of thermal phase transformation in solid state in the 
direction of longer times, decrease of thermal effect and the inten-
sity of the crystallization of the last portions of the liquid bronze 
as phase β. 
The slag was introduced to the bronze CuAl10Ni5Fe4 in the 
quantity 1,5% in relation to the mass of the charge and casts it to 
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the sand form in three variants: without inoculation, after inocula-
tion 0,6% AlBe5 introduced to the bronze in furnace and intro-
duced to the bronze in the mold directly. The change of the con-
centration of Al in the studied bronze without inoculation, after its 
inoculation in furnace or in the mold directly show on Figure 5. 
 
 
Fig. 5. The concentration of Al in the bronze CuAl10Ni5Fe4: 
unmodified, modified in furnace and modified in the mold 
 
It addition to the bronze in the furnace of the preliminary al-
loy - inoculant AlBe5 in the quantity 0,60% caused the gain of the 
concentration  of  aluminum  in  the  bronze  in  the  relation  to  the 
metal charge about about 0,51%, and in the case the addition in 
the form about about 0,60%. Difference in the concentration of 
aluminum in the bronze is caused these that the oxygenation of Al 
while casting the mold follows. Its inoculation is more from here 
also  effective  way  of  the  complement  of  Al  in  the  bronze  the 
preliminary alloy AlBe5 in the mold, because the material of the 
mold  effectively  isolates  the  stream  of  the  liquid  bronze  from 
atmospheric oxygen then and the chance gets smaller additionally 
on secretion to the atmosphere of harmful steams the beryllium. 
On  the  Figure  6  (a÷c)  show  microstructure  of  the  bronze  
CuAl10Ni5Fe4 cast to the sand mold accordingly:  
  directly after melting - Fig. 6a (melting W22 - 1,5% Unitop 
BA- 1, without the inoculant), 
  directly after melting, the inoculant added in furnace  
- Fig. 6b (melting W23 – 1,5% Unitop BA-1, 0,6% AlBe5), 
  directly after melting, the inoculant added in the mold - the 
Fig. 6c (melting W24 – 1,5% Unitop BA-1, 0,6% AlBe5). 
 
The addition of the preliminary alloy - inoculant AlBe5, in the 
quantity  0,60%  it  influences  considerable  splitting  phase  α  in 
relation to the mass of the charge, to the metal bath in furnace and 
eutectoid  α+γ2  (Fig. 6  a,b).  The  use  of  the  preliminary  alloy  - 
inoculant this effect heightens in the mold directly (Fig. 6a, c). 
The inoculant it will not influence the size of the crystal grains of 
primary β phase significantly (Fig. 6a÷c). 
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c) 
       
Fig. 6. The microstructure of the bronze BA1054 cast to the sand mold:  
a) directly after melting; smelt W22 - 1,5% Unitop BA-1 , without the inoculant,  
b) directly after melting, the inoculant introduced in furnace; smelt W23 - 1,5% Unitop BA-1, 0,6% AlBe5, 
c) directly after melting, the inoculant introduced in the mold; smelt W24 - 1,5% Unitop BA-1, 0,6% AlBe5  
 
4.  Conclusions 
 
Conclusions  result  from  carried  out  investigations  it  was 
showed below. 
1.  In  reference  to  the  influence  of  the  temperature  1300 
± 15°C and time isothermal holding on the degree the dea-
luminization of the bronze initial BA1054: 
  the  time  of  isothermal  holding  causes  oxidizes  the 
aluminum in the bronze in the range to about 1,2% Al, 
2.  In  reference  to  the  influence  of  the  temperature  1300 
± 15°C and time of isothermal holding and quantity the slag 
of covering - refining UNITOP BA-1 on the effectiveness of 
the protection of the melted bronze before the oxygenation 
of the aluminum: 
  the introduce of the quantity slag 1,5% the metal sheet 
of the bronze, in relation to the mass of the charge, 
protects before the oxygenation what the least by the 
time 15 minutes of isothermal holding,  
  is to introduce the larger quantity of slag by the mass 
production more profitably, what will protect the met-
al bath from the oxidation of aluminum; the costs of 
the production will increase, but the quality of casts 
will not fall, when the production has the unforeseen 
standstill (e.g. breakdown). 
3.  In  reference  to  the  influence  of  the  temperature  1300 
± 15°C and time of isothermal holding and the quantity of 
the preliminary alloy - inoculant AlBe5 on the effect of the 
inoculation of the bronze: 
  the influence was not analysed so far the beryllium as 
the inoculant of Cu-Al-Fe-Ni bronzes, 
  the  introduce  of  the  preliminary  alloy  -  inoculant 
AlBe5 the separate of phase   reduce size highly,  
  the beryllium does not influence the change of the size 
of the crystal grains of primary phase  , however dis-
solving in the solution probably it makes up the base - 
plate to nucleation phase  , enlarging the same the 
quantity  of  the  crystal  grains  of  phase  ,  reducing 
their size simultaneously, 
  prolong the time isothermal holding it influences the 
disappearance of the effect of inoculation. 
4.  In reference to the comparison of the effectiveness of the 
inoculation of the bronze in furnace and in the mold directly 
after melting: 
  the introduction of the preliminary alloy - inoculant to 
the  metal  bath  in  furnace,  how  and  directly  to  the 
mold it gave the comparable effects of changes in the 
microstructure of the studied bronze, 
  the introduce of the preliminary alloy - inoculant to 
the mold directly the possibility of the casting of the 
modified bronze even gives by the extended time of 
isothermal holding in furnace. 
5.  In the reference to the Thermal and Derivative Analysis: 
  it marks the real temperatures of  crystallization and 
the times of phase transformation in the solid state, 
  one can apply the method this to the control of the 
quality of the technological process melting of high-
grade bronzes. 
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